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METHO D OF USING THFRVf ai , L Y RFVTP*ipt r 
MATERIAi TO FfiDM CERAVTTr Mm ne 



FIELD OF THF TNVriVTrr^ 

This invention relates to a method for preparing an accurate cerantic mold by 
usmg a heat reversible material to make an intermediate mold of a pattern and then 
usmg the mediate mold for casting the ceramic mold. The ceramic mold can then 
be used to create a more durable meta, mold for castmg multiple plastic parts S1 milar to 
the original pattern. 

BACKKROTWn qf THF, FWFVTinv 
a kev ° e ff ? gne T dW ^ 

a key to ganung a ,arge market share. One area of product development having a 
gntftcant .mpact on overall market timmg is the making of product and package 
pr totypes for market testing. Such testing usually requires multiple look-like, feel-lik! 
and function-hke prototypes for consumers to examine or use. 

Package components generally involve plastic parts made in very expensive 
n*ul tiple cavity, steel molds. For examp,e, most botties are blow-mold!d and mo t' 
botti, dosures are injection molded. It usually takes large production quantities to 
justify the cost of a production mold with many cavities. For smaller markets or f or 

ltd ito a tv few h r ed ? parts ' singie cavity m ° ,ds ° r ^ - 

created. Prototype molds prov.de important learning on whether the part can be made 
cons.stently, as well as to provide a tool that can be used to make test parts 

One method of rapidly prototyping containers or parts is investment casting 
usmg patterns generated by rapid prototyping systems instead of traditional injection 
molded wax patterns. An example of such a partem is a QUICKCAST™ pattern a 
Trademark of 3D Systems, Inc. of Valencia, CA. A hollow plastic pattern is coated with 
a dun cerarmc she.l usually by a dipping process. The plastic is burned out of the 
ceramic shell leaving minimal amounts of ash residue behind. Molten metal is then 
poured mto the ceramic shell to cast a metal part or metal mold for a plastic part 
Because the shell has only a small hole for admitting molten metal, it is difficult to 
mspect the critical surfaces for ash residue. Any ash residue on a critical surface will 
potent.ally ruin the metal casting. The molten metal cools and shrinks such that cntical 
surfaces are not reproduced accurately. The larger the parts, the greater the inaccuracy 
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An improved method of constructing a fully dense mold is disclosed in U.S. 
5 507 336 issued to Tobin, April, 1996. The method comprises placing a pattern within 
a'tube which has a melting point greater than that of the infiltration material which will 
be used in making the metal mold. A ceramic member is cast between the pattern 
surfaces and the open end of the tube to transfer the critical pattern surfaces to the 
ceramic member. The ceramic surfaces are inverse to the pattern surfaces. The pattern 
is burned out and the ceramic surfaces remains in the tube. The ceramic is then covered 
with metal powder and an infiltration material from the other end of the tube, and the 
tube is placed in a furnace to form the metal part over the ceramic surfaces. The metal 
part has surfaces inverse to the ceramic surfaces. A metal mold results when the ceram.c 
piece is removed. The metal mold has the same shape as the pattern, and is useful for 
molding plastic parts having an inverse shape. This is an ideal process for parts having 

exterior critical surfaces. 

Tobin's process destroys the pattern from which the ceramic mold » created. A 
process for quickly forming a ceramic mold pattern which does not destroy the pattern 
but which is accurate, is needed. Also, it is often necessary to provide a mating metal 
mold for plastic part molding. In order to do this, the metal mold may require a shape 
which is the inverse of the pattern. Thus, the ceramic mold needs to have the same 
shape as the pattern, and therefore requires an intermediate mold be produced between 
the ceramic mold and the pattern. As with Tobin's earlier process, any cerarmc mold 
should not be contaminated on its surface so that the resulting metal mold is accurate. 

In order to avoid destroying the pattern, it is desirable to use an intermediate 
mold made of a material which can be discarded or reused as needed to transfer the 
critical pattern surfaces to the ceramic mold. Wax and silicone rubbers have been used 
for these purposes. Wax (which is heat reversible) has the disadvantage of being brittle 
and when removed from the pattern can cause small pieces to break off especially where 
undercuts and thin features are involved. It also can expand and crack the ceramic when 
heated Silicone rubbers need to be cured, and when the ceramic releases heat as it 
"sets" the silicone rubber can distort and cause inaccuracies to develop in the ceramic 
pattern Also, silicone rubber has to be removed from the pattern by air injection or 
other means which forces the silicone from the ceramic. This can cause the ceramic 
mold to break especially where undercuts and thin features are involved. 

It is therefore an object of this invention to provide a process for making a 
ceramic mold having the same shape as a pattern, which produces accurate reproductions 
of a pattern cf any size, within a tolerance of ±0.005 inches and which does not leave an 
ash or other residue on the ceramic mold. 
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It is also an object of this invention to provide a process which uses an elastic, 
heat reversible material to make an inverse intermediate mold of a pattern and which is 
not distorted during the forming of a ceramic mold therefrom, but which can be removed 
easily from the ceramic mold without destroying the delicate features of the ceramic 
mold. 

These and other objects will be evident from the description herein. 



In one aspect of the present invention a method of forming a ceramic mold 
comprises the step of placing a pattern having critical pattern surfaces in a flask having 
an open end. The critical pattern surfaces face upward toward the open end. 
Successive steps include adding a concentrated heat reversible gel solution to the flask 
to cover the critical pattern surfaces, and cooling the gel solution to form an elastic 
solid gel mold. The gel mold has critical gel mold surfaces inverse to the critical 
pattern surfaces. Further steps include removing the pattern from the elastic gel mold, 
casting a ceramic mold around the gel mold, and liquifying the gel mold via heating for 
removal from the ceramic mold. The ceramic mold has critical ceramic surfaces 
inverse to the critical gel mold surfaces, thereby accurately replicating the critical 
pattern surfaces. The method may further comprise the step of degassing the gel 
solution as it is cooled to form the gel mold. 

The heat reversible gel solution preferably comprises from about 35% to about 
50% gel material; from about 45% to about 65% water, and from about 0% to about 
10% defoaming agent. The gel material is preferably gelatin. The gel solution may 
further comprises fibers or other thickeners. The defoaming agent is preferably a 
silicone. 

In another aspect of the present invention, a method of forming a ceramic mold 
comprises the step of placing a pattern having critical pattern surfaces in a first flask 
having an open end with the critical pattern surfaces facing upward toward the open end. 
Other steps involve covering the critical pattern surfaces with a gelatin solution added to 
the first flask and cooling the gelatin solution while degassing it to form an elastic solid 
gelatin mold. The gelatin mold has critical gelatin mold surfaces transferred from the 
critical pattern surfaces which are inverse to the critical pattern surfaces. Other steps are 
removing the pattern and the first flask from the gelatin mold and placing the gelatin 
mold in a second flask with the critical gelatin mold surfaces facing upward toward an 
open end of the second flask. Further steps include covering the critical gelatin mold 
surfaces with a ceramic solution added to the second flask while degassing the ceramic 
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. , inn solidifies and then exothermically binds to form a 
solution. The ceramic solution so ^ ^ ^ ceramic surfaces 

ceramic mold around the gelatin mold The ceramic mo 
— dfromthecnt^,— 
m0 ld surfaces. The cerarmc cnfcal surfaces to y 

gelatin from the ceramic mold and removing m 

The gelatin solution prefer* «"f~££ t £ «2l 8 agen, 

m0 ,d comprises the ste ^ surface facing upward toward the open 

flask having an open end with £ ^ . gelalm soluti(> „ 

end. Other steps involve covenn Mta « «*P *. gelatin 

added to the first flask and cooi ng the elatm * ^ 
.Won to form an elastic solid gelatin mold „ ffie critical 

surfaces transferred from the critical pattern surface wte ^ 
pattern surfaces. Additional steps are — ^^the critieai geiatin mold 
B e,a,m mold and placing the gelatin mold ma «dta » ^ . $ 

surfaces facing upward toward an open end * slep „ 

dimensioned to pro.de ^ —™ ^1 - second ^ while 
filling the annular space with a tirst ceramic 

deg ^~"^r solidif.es without generating he, to form a firs, 
^Joid il order .0 anchor die geladnrno, in 

second flask. The secona c sec0 nd ceramic mold has critical 

~* «" ^ " "r^Z^r^-*- ««* a, inverse ,0 
ceramic surfaces transferred from the anicalg 

me critic, gelatin mold surface, Th»t^ cer- ^ ^ ^ ^ 

from the first and second ceramic molds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

u r a ,inn concludes with claims which particularly point out and 
While the specificanon concludes ^ ^ ^ 

distinctly claim the present invention, it is believed 
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talc, understood from the Mowing description of preferred embodiments, taken in 
common w,,h the accompanymg in wh , ch ^ » 

identical elements and wherein: ^ 

Figure 1 is a sectioned front elevational view of , partem 1, having critical 
pattern surfaces 13, positioned inside a first flask 3. 

Figure 2 is a sectioned front elevational view of pattern 1 in.de the first flask 3 
into which a concentrated gel solution 5 has been poured. 

Figure 3 is a sectioned front elevational view of a solidified gel mold 7 havin, 
cntical gel mold surfaces ,. referred from critical pattern surfa s ^ 
second flask S with an annular space „ Between second flask 8 J°J£Z 

Figure 4 is a sectioned front elevational view of second flask 8 having a plaster 
~ c solution 9 poured over the solidified gel mold 7 and into ^ 
and covering critical gel mold surfaces 10. 

which h K T 5 " 3 SeCti ° ned fr ° nt eleVad0nal ° f S S ° ,idified P ,aster ™* H from 
which has been removed second flask 8 and ge, mold 7, exposing critical cenLT 

surfaces ,4 which Werre, from critical gel mold surfaces ,0 an/which ad^ 
replicate cntical pattern surfaces 13. "™eiy 

,h», l, R8Urc ' ^ 3 SK ' i '' ne ' 1 ^ e,,!Va,i0na ' VicW ° f m tl,OTM ""'« embodiment ,„ 

e ofterm c plaster so.ut.on ,5 in order to support ge! moid 7 before an exothermic 
plaster solution (not shown) is added to second flask ». 

DETAILED DPSt-RIPT^ »p THK , Nvr r]T , n „ 
As used herein, the term "ceramic" refers to a material such as plaster, clay silica 
or other nonmetallic material which can be fired to create a hardened p L U c, 

conoidaf.r fc " gd " ^ *° 3 ""^ "** *■»» a 

col o da! gel or sol.d matena, which is elastic or rubbery, ye, solid and „„, brittle 

Ge,a„n ,s a preferred materia, for making a gel. 1, forms a tender elastic solid which 
does no, expand or shrink with temperate changes within the range tha, ,he gd 
expenses while in co„<ac, with a ceramic pouring wnich sets tnto a solid shape; ye, 
*. 8 d melts or hou.fies when the ceramic shape is heated or undergoes a Lher 

exothermic reaction. 

a tenJTt T*°l "* KVerS "" e " " fa W 2 maKna ' «*** « 
27" C U ' 50 ' ^ WW ' h me " S *« 
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Figure 1 illustrates a pattern 1 which fits tightly against an internal surface of a 
flask Pattern lis a representation of the exterior of a bottle closure. Pattern 1 has 
critical pattern surfaces, 13, which represent the detail on the outs.de of the bottle 
closure The pattern is preferably made by a stereolithography process, well known m 
the prototyping art, in which an electronic file describing the pattern is rapidly fabricated 
by laser curing of a polymer. The pattern is placed in the flask with critical pattern 
surfaces facing upward toward the open end of the flask. 

An elastic material is poured over the pattern. The elastic material may be an 
RTV silicone rubber. Making such rubber patterns is common in the art. The step of 
removing a rubber mold from the pattern may comprise pulling the rubber pattern 
directly from the pattern or air ejecting it therefrom, since it is flexible and does not 
adhere to the pattern. Alternatively, the elastic material may be a solid gel made from a 
heat reversible material, such as a hydrocolloidal gelatin solution. Gelatin easily 
disperses or dissolves in hot water and forms a tender elastic material when cooled. 

The elastic mold is intended to be an intermediate mold which transfers the 
critical pattern surfaces to a ceramic mold. A ceramic solution is similarly poured over 
the elastic mold in an open flask and allowed to harden. However, the cerarmc material 
typically generates heat in an exothermic binding reaction. Such heat may cause an 
RTV silicone rubber to expand and distort the geometry of the critical surfaces. Also, a 
silicone rubber mold must eventually be removed from the ceramic mold by pulling or 
air ejecting it from the ceramic mold. Where there are thin sections or undercuts 
involved, such removal steps may damage the brittle ceramic mold. 

Gelatin is easily removed from a ceramic mold by melting it. The exothermic 
reaction of the ceramic typically melts the gelatin adjacent to it so that surface 
distortions do not occur as the ceramic hardens. The resulting ceramic mold can be 
washed with hot water, glycerin, or acetic acid to remove any residue before firing the 

ceramic mold to harden it. 

Gelatin is a protein which is usually derived from meat and some dairy products. 
It forms a structure or matrix of intertwined and partially associate protein molecules in 
which the water is entrapped. The preferred gelatin is 250 Bloom edible porkskm 
gelatin available from Kind & Knox Gelatin, Sioux City, Iowa. 

Other gelling systems which meet these criteria can be used. Lambda 
carrageenan and mixtures of xanthan gum and locust bean gum can be used. F.bers or 
other structural materials can be dispersed in the gel. These will add strength and can be 
easily removed with the melted gel from the ceramic mold. 
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The more concentrated the gel solution, the better. Generally, a gelatin solution 
s formed wh lch contains from about 35% to about 55% gelatin solids, from about 45% 
to about 65/o water, and from about 0% to about 10% of a surfactant or defoaming 
agent. More preferably, a gelatin solution contains from about 35% to about 45% solid 
gelatm, from about 50% to about 65% water, and from about 3% to about 8% defoaming 
agent. An exemplary mixture is 475 cc of water, 25 cc of defoaming agent and 175 
grams of gelatin. Similar proportions are used for other ge , systems' and the 
determination of the exact level is well within the skill of a person in this art Other 
additives which can bind water or lower the water activity of the gel can be added For 
example, glycerin, sugar or glycols can be added. 

Typically, the gelatin is added to cold water. Then the mixture is heated The 
water and gelatin or gel material is warmed to a range from about 80°C to about 1 00°C 
Alternatively, the gelatin or other gel material can be added to hot water. The solution is 
surred until the gel is dissolved or dispersed so that the mixture J^Tta 
homogeneous Preferably, the solution is heated in a microwave oven to maintain th 
temperature of the water and enhance the dispersion. The solution can be placed under a 
vacuum dunng the dispersion to prevent foaming. Other degassing processes can also 



The surfactant or defoaming agent is preferably added to the water before 
combining the water with the gelatin. Silicones and noniomc surfactants are good 
de oammg agents . Dimethyl silicone can be used. A preferred defoaming agent is- 
polydmnethylsiloxane available as Foam Drop-S from Spectrum Services of CinLati,' 

The gel dispersion is poured over the pattern in an open ended flask, (see Figure 
2). Of some concern is moisture absorption by the pattern when the hot gelatin solution 
s poured onto ,t. Resins used in stereolithography are often moisture sensitive. It may 
therefor, be beneficial to seal the surface of the pattern first by spraying on a thin 

Degassing is also beneficial at the gelatin pouring stage. Pouring may be done in 
a vacuum chamber at 30 inches of mercury vacuum, for example. The entrained air is 
removed to prevent air bubbles from collecting at the pattern/gel interface. Air or gas 
entmined within the gel may also cause the ge. matrix to be unstable. The gelatin 
casting may be done in multiple pours, depending on the size of the part, so that 
degassing ,s more effective in removing air bubbles. The first pour of a multiple pour ,s 
preferably allowed to form a skin before the next pour so that air bubbles will not 
penetrate the first pour. 
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The flask is refrigerated until the gel has formed an elastic solid structure. 
Depending on the concentration of the gel, the size of the pattern, and the depth of the 
gel layer, from about 1 to about 15 hours are required to set the gel. Generally, from 
about two to eight hours in a refrigerator at 40°F or 4°C is sufficient. Very concentrated 
solutions will form an elastic solid structure within a few hours at room temperature. 

The depth of the gel solution will depend upon the pattern and the size that is 
desired for the ceramic mold. One skilled in the art can easily determine this without 
undue experimentation. Typically, a minimum gel thickness of about one inch is desired 

above each critical pattern surface. 

The solidified intermediate gel mold is then pulled from the pattern. In a 
preferred embodiment, the flask is built with easily removable sides which are then 
pulled off the gel mold and the gel mold is then pulled off the pattern. The gel mold is 
structurally elastic enough to easily release the pattern piece and retain inverse 
replications of the the critical surfaces of the pattern without distortion, even when 
undercuts and thin features are involved. 

It is preferred that the gel mold be stored at refrigerator temperatures, but not 
frozen The protein holds the water within its matnx and prolonged exposure to warm 
temperatures above about 18°C can cause the water to be released. This can affect the 
accuracy of gel mold critical surfaces. 

Figure 3 discloses the gel mold placed in a second flask to which a plaster or 
ceramic solution will be added. The gel mold is placed with the critical gel mold 
surfaces facing upward toward the open end of the second flask. Preferably, sufficient 
space is allowed between the second flask and the gel mold so that ceramic will be 
formed around the gel mold in that space. The ceramic mold made therefrom will have a 
continuous annular ceramic rim surrounding the critical ceramic surfaces so that the 
ceramic mold may be readily used for casting a metal infiltration mold without the need 
for another flask. 

Plaster or other ceramic material is poured into the second flask to a depth above 
the gel mold. Preferably, the depth is from about 1 cm to about 5 cm above the gel 
mold The poured ceramic material is preferably degassed under vacuum to remove any 
air which could affect the final ceramic mold formation. The plaster or ceramic material 
first "sets" or takes a solid shape and then completely solidifies. During the binding 
process, an exothermic reaction takes place in the p.aster which melts the surroundmg 
gel. The flask is preferably coated with a release agent so that the flask may be easily 
removed from the ceramic mold. 
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. a ™bodimen,, two differem ceramic materials are used. The S el 

™ " *" ^ — - " ■ «- 1*- - clay material which sets up , 0 bec m 
ngid secure „, which ,s no, exothermic or which does not subject the ^ sttTurT.o 
temperatures to are near i,s me„ing or , iquifacdon ' „L LTL ° 

««. - *p.cal,y weak. „ is po wtd to fl „ or ^ m ^ ^ * - 

•o anchor the gei mold, which could otherwise float upward during the cTtL o f 
entire plaster structure due to dte piaster, greater density as ^ Z 

elatin. Becaus, of the weakness of the non-exothermic ceramic, 1 annu^ 

After the first ceramic mold has solidified, a second plaster or clay is annliM , 
cover the , a, ceramic mold and the critical 8 e, mold suXes. v£Z££ 

z i It Tr " exo,hermic Kacfa ,o " s ~«* - *™ 

readtly to the first ceramtc mold. The exotherrmc plaster typically takes about 10 

^ reaction and prov.de more ttme for degassing the plaster. The two suge plaster 
c»mg results ,„ a more accurate ceramic mold, whose critical ceramtc £Z 

e,y repltcatc me critical pattern surfaces of the original pattern. (See £H 
which discloses the use of a first plaster 15). 

The preferred non-exothermic, phosphate-bonded plaster is an 847 core mix 
available from Ranson * Randolph of Maumee, Ohio. Cl-C„re Mix, also avlw 
*om Ranson * R^ of ^ oto . ^ ^ exoth 
mater,,,. „ s . mixture offuscd ^ ^ !ifae ^ ph ™™ 

Randolph, can b. used. !, contains amorphous silica and dip„tassium.6-hydroxy -3- ox! 
-9- xanthene -0- benzoate. y 

Preferably, me gel mold is a, its refrigerated temperas when a ceramic solution 

*r ° V ; r " *■ Seemd A «» «» ceramic is «. me ceramic mo d 2 
temaimng gelatin can be heated in „ oven to completely m e„ me ge, for easy rel, 
The ^mperamre of me oven should be about I00T „ abou, 2 75- C to .nsure L me,d„ g 
of me gelbu, no, so ho, as to decompose me protein. Gelatin with water entrapped 
w,hm tne matrix me,, or Bonifies slowly and me center portion is we., enough ,J2 
that nea, above 100°C does no, cause problems with the water boiling 

second ° f "* Ceram ' C m ° U ' ^ COrreSPO " dS '° ^ of the 

second flask, *,ows easy access to pour the me.ted or houid ge, dispe-sion from me 
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ceramic mold. Also, critical ceramic surfaces may be easily inspected from the open end 
to see that all gelatin and any residue is removed. 

Placing the ceramic mold in a furnace and heating it to approximately 1 100°F 
(990°C) for at least 3 hours fully sets the plaster for further processing. A hydrogen 
atmosphere can be used as there is no residue remaining on the ceramic which needs to 
be burned off. This lack of residue is an important distinction when compared to 
ceramic mold making processes using epoxies and waxes. 

A metal mold may be made from the ceramic mold in accordance with the 
teachings of commonly assigned U.S. Patent No. 5,507,336 issued to Tobin on 4/16/96, 
which is hereby incorporated herein by reference. However, the metal mold may be 
made without the need for an external tube because the ceramic mold of the present 
invention has a continuous annular rim surrounding the critical ceramic surfaces. 

While particular embodiments of the present invention have been illustrated and 
described, it will be obvious to those skilled in the art that various changes and 
modifications may be made without departing from the spirit and scope of the invention, 
and it is intended to cover in the appended claims all such modifications that are within 
the scope of the invention. 
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What is claimed is: 



1 . A method of forming a ceramic mold characterized by the steps of: 

a) placing a pattern having critical pattern surfaces in a flask having an open 
end, said critical pattern surfaces facing upward toward said open end; 

b) covering said critical pattern surfaces with a concentrated heat reversible 
gel solution added to said flask; 

c) cooling said gel solution to form an elastic solid gel mold, said gel mold 
having critical gel mold surfaces transferred from said critical pattern surfaces which 
are inverse to said critical pattern surfaces; 

d) removing said flask and said pattern from said elastic gel mold; and 

e) casting a ceramic mold around said solid gel mold, said ceramic mold 
having critical ceramic surfaces transferred from said critical gel mold surfaces 
which are inverse to said critical gel mold surfaces, said critical ceramic surfaces 
thereby accurately replicating said critical pattern surfaces; and 

0 liquifying said gel mold for removal from said ceramic mold. 

2. The method according to Claim 1 wherein said heat reversible gel solution 
is characterized by 35% to 50% gel material; by 45% to 65% water, and by 0% to 
10% defoaming agent. 

3. The method according to Claim 2 wherein said gel material is gelatin. 

4. The method according to Claim 2 wherein said defoaming agent is a 
silicone. 



5. The process according to Claims 1, 2, 3, or 4 is further characterized by the 
step of degassing said gel solution as it is cooled to form an elastic solid gel mold. 

6. The method according to Claims 1, 2, 3, or 5 wherein said gel solution is 
further characterized by the addition of fibers or other thickeners. 

7. A method for forming a ceramic mold characterized by the steps of: 

a) placing a pattern having critical pattern surfaces in a first flask having an 
open end, said critical pattern surfaces facing upward toward said open end- 



PCT/US97/17911 

WO 98/17418 

12 



b) covering said critical pattern surfaces with a gelatin solution added to said 
first flask and; 

c) cooling said gelatin solution while degassing said gelatin solution to form 
an elastic solid gelatin mold, said gelatin mold having critical gelatin mold surfaces 
transferred from said critical pattern surfaces which are inverse to said critical pattern 
surfaces; 

d) removing said pattern and said first flask from said gelatin mold and 
placing said gelatin mold in a second flask with said critical gelatin mold surfaces 
facing upward toward an open end of said second flask; 

e) covering said critical gelatin mold surfaces with a ceramic solution added to 
said second flask while degassing said ceramic solution, said ceramic solution 
solidifying and then exothermically binding to form a ceramic mold around said 
gelatin mold, said ceramic mold having critical ceramic surfaces transferred from said 
critical gelatin mold surfaces which are inverse to said critical gelatin mold surfaces, 
said ceramic critical surfaces thereby accurately replicating said critical pattern 
surfaces; and 

f) liquifying said gelatin mold via heating to remove said gelatin from said 
ceramic mold and removing said second flask from said ceramic mold. 

8. The method according to Claim 7 wherein said gelatin solution is 
characterized by 35% to 45% gelatin; by 50% to 65% water, and by 3% to 8% 
defoaming agent. 

9. The method according to Claim 7 or Claim 8 wherein said gelatin solution 
is further characterized by the addition of fibers or other thickeners. 

10. A method for forming a ceramic mold characterized by the steps of: 



a) placing a pattern having critical pattern surfaces in a first flask having an 
open end, said critical pattern surfaces facing upward toward said open end; 

b) covering said critical pattern surfaces with a gelatin solution added to said 
first flask and; 

c) cooling said gelatin solution while degassing said gelatin solution to form 
an elastic solid gelatin mold, said gelatin mold having critical gelatin mold surfaces 
transferred from said critical pattern surfaces which are inverse to said critical pattern 
surfaces; 
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d)remov ln g said partem and said first flask from said gelatin mold and 
Pacmgsaidgelatinmoidinasecond flask ^utocn^JL^^ 
acmg upward toward an open end of said second flask, sa,d second flask 
d.mens.oned to provide an annular space around said gelatin mold- 

C) **** Said space with a first ceramic solution added to said second 

** whtle degassing saJd first ceramic solunon, sa ld first ceram, solu J 
o^ng WIt out generatmg heat fo form a fot ceramic ^ 

*d gelattn mold in place and to form a continuous annular rim surrounding^ 
critical gelatin mold surfaces; g 

0 covering said first ceramic mold and said gelatin m „,d wich a second 
«oton call), bindmg ,„ form a second ceramic mold bonded ,„ said firs, ceramic 
mttcal gelaun mold surfaces whtch are inverse , 0 said critical geladn mold surfaces 

*"* «~"* - oriticaipa^ 

g) liquifying said gelatin mold via heating to remove said gelatin from said 
-d second ceramic molds and .moving said second flask fil said fa Ld 

second ceramic molds. d 
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